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My invention relates to a method and an ar 
rangement that make it possible to constitute 
merely in hyperfrequencies, phase-modulated 
multiplex transmitters operating on a large 
number of channels, the general carrier fre- 
quency having the stability of a piezo-electric 
quartz controlled generator, from a frequency— 
modulated wave, the stability of frequency of 
which may be much lower. 
In its broad sense, the problem has already 

been solved by subjecting the frequency-modu 
lated wave to a double frequency-change, on the 
one hand by means of a frequency supplied by 
a quartz-controlled generator, and on the other 
hand by means of the frequency obtained by 
this first frequency-change after it has passed 
through a delay member. At the output after 
the last frequency-change, a phase-modulated 
wave is obtained, the frequency of which is that 
of the quartz-controlled generator, the frequency 
of said wave being multiplied, if desired, by 
means of frequency-multiplying stages. 
The ensuing description, made with reference 

to the accompanying drawings, will enable the ' 
known method and the method according to the 
invention to be understood more clearly. 
In the drawings: 
Fig. 1 is a block diagram of an arrangement 

employing the known method; and 
Fig. 2 is a wiring diagram of an arrangement 4 

according to the present invention. . 
The original frequency-modulation is prefer 

ably obtained by means of a re?ex klystron i i 
or of any other oscillator that has a wide elec~ 
tronic tuning band. Let fk be its mean frequency 
and ft the variation of instantaneous frequency 
as a function of the time (ft is thus positive or 
negative and the instantaneous frequency is 
flc+ft)- After frequency-change by means of a 
frequency fq produced by a quartz-controlled 
generator £2, a wave of frequency fk+ft—fq will 
be obtained at the output terminals of the fre 
quency-changer E3. The two possibilities of 
frequency-change will be included by making fq 
positive or negative. After said wave has passed 
through a delay member [5, it is fed to a second 
frequency-changer M together with the original 
frequency-modulated wave which has been suit 
ably attenuated. At the output terminals of 
the second frequency-changer a wave will be ob 
tained, the frequency of which is that of the 
quartz-controlled generator and which will be 
phase-modulated. In reality, the foregoing 
reasoning is only partly correct since it allows 
it to be supposed that by inde?nitely increasing 
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the sensitivity of the delay member to the varia 
tions of frequency it would be possible to obtain 
as great a phase deviation as desired. 
The following is a more correct reasoning: A 

delay member, the phase variation of which ' 
linearly proportional to the frequency variation 
is a member that produces a delay 1- which is 
independent of the frequency. Such a member 
may for example be formed by a section of non 
pupinized cable, i. e. which is free from phase 
distortion. 

If such a member I5 is connected according to 
the diagram of Fig. l, the second frequency 
changer receives on the one hand the wave 
fk-I-ft and on the other hand the wave 
fk(t—-T) +ft(t——'r) —-fq. 
By suitably choosing the origin or the times it 

can be seen that one of the two beats that issue 
from the second frequency-changer corresponds 
to the frequency: 

(1) 
If it is assumed that the (carrier) frequency 

fg has not varied during the period 7', the follow 
ing frequency is obtained: 

In the case in which the retardation line is 
interposed in the path of the wave that has not 
undergone frequency-change, the following fre 
quency would similarly be obtained: 

estates] 
in particular for 1:0 this wave is fq and conse 
quently is not modulated. 
Assume a sinusoidal modulation at the pulsa 

tions Q=2IIF, F being the modulation frequency; 
ft is then of the form: 

and the instantaneous frequency of the wave 
obtained is: 

(3) 
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this is equivalent to a phase modulation at the 
frequency A having as its index: 

sin 2-rrfu'r —'—1_- (r) 

95 J 
The expression (5) implies limitations in the 

value of 7', since it can be seen that for the original 
frequency-modulation to be converted into phase 
modulation it is necessary that: 

In practice this limits 1- to 

or even less, viz. T=1/4 of a microsecond for 
Fmax=1 megacycle. 

It is obvious that if it were assumed that 
F1-:1, the phase modulation would become zero 
for this frequency F owing to the fact that at 
the location of the second frequency-changer 
the instantaneous frequency at the inlet of the 
retardation line would be found at every instant. 
It should nevertheless be noted that a consid 
erable delay '1' changes the sensitivity of the con 
version from frequency-modulation to phase 
modulation but not the linearity of said con 
version as a function of the initial frequency 

deviation f0. 
This being the case, it can nevertheless be seen 

that despite everything, the retardation line that 
has to be provided is of considerable length and 
has to produce a delay of about 1A; of a micro 
second for Fmaxzl mo. if it is desired to have 
a fairly good sensitivity. This represents 75 
metres of air dielectric cable or about 50 metres 
if a cable with a solid dielectric such as polythene 

is used. 
On the other hand, a cable such as one which 

is insulated with polythene has considerable 
hyperfrequency losses. The attenuation which 
is substantially independent of the diameter of 
the cable is proportional to the frequency and is 
about 100 to 120 decibels per microsecond of delay 
for a frequency of about 3,000 mc. Finally, in 
order to carry out the method hereinbefore de 
scribed with reference to Fig. 1 it is necessary 
to insert ?lters for eliminating the unwanted 
frequencies. 
According to the invention which is the subject 

of the present patent, it is proposed to provide a 
simple arrangement which makes use of the 
method referred to and in which the retardation 
line hereinbefore de?ned can on the one hand 
be reduced in length by half and on the other 
hand also perform the function of a wave ?lter 
by taking advantage of the variation of its at 
tenuation proportionally to the frequency. For 
this purpose the frequency-modulated wave, the 
mean frequency of which is fk and which may be 
supplied for example by a re?ex klystron modu 
lated on the reflex electrode, passes through a 
retardation line formed by a cable with a dielec 
tric ?lling; said wave undergoes therein a delay 

of 

2 

and a comparatively high degree of attenuation. 
At the end of said line is arranged a modulator 
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4 
formed by a frequency-changer crystal which is 
also excited by means of a frequency IQ of the 
same order of magnitude as fl; so that a beat-fre 
quency of relatively low value is produced. This 
beat-frequency passes through the retardation 
line in the opposite direction and thereby under 
goes a further delay 

7. 

2 

and only one attenuation. Thus there is found 
at the input end of the line, i. e. at the output 
end of the re?ex klystron, on the one hand the 
wave emitted by said klystron 

with a high level of power, and on the other hand 
the echo of said Wave on the frequency 

‘t.+f(t—§)—f. 
with a much lower power level but nevertheless 
much higher than the level that corresponds to 
the frequency 

which in turn is much higher. Therefore, by 
connecting in parallel with the generator (re 
flex klystron) a second frequency-changer crys 
tal preferably at the end of a second line, the 
delaying action of which is unimportant but the 
attenuation of which increases with the fre 
quency, and by selecting the upper beat and 
suitably determining the delay of the ?rst ‘line 
according to what has been explained, a very 
stable phase-modulated wave of mean frequency 
fq will be obtained. 
The invention will be more clearly understood 

by referring to the ensuing description, made 
with reference to Fig. 2 of the accompanying 
drawing. 
A re?ex klystron shown at 2! is frequency 

modulated on its re?ex electrode by means of 
modulating voltages that may have fmax:l me. 
It is coupled by a loop 22, the length of which 
will be speci?ed, to two cables 23 and 21 which 
are of the same characteristic impedance and 
the attenuation of which is proportional to the 
frequency. It will be assumed that the klystron 
has a mean frequency fer-8,900 me. and supplies 
01 watt to each of the cables, i. e. the level —l0 
db for 1 watt. On the one hand to the terminals 
of the klystron is connected the line 23, the de 
lay of which is 

*1 
*8 

of a microsecond and the attenuation of which 
will be assumed to be proportional to the fre 
quency with a rate of increase of 0.5 db per 100 

c. 
The line 23 is continued by a quarter-wave sec 

tion on the frequency fk which is of different 
characteristic impedance and which performs 
the function of an impedance matcher. The 
line 24 is connected to a frequency-changer crys 
tal 25 which is also excited by the circuit 26 on 
the frequency fq, the stability of which is quartz 
controlled. It will be assumed that LIL-3,600 mo. 
and that the available power is a few milliwatts 
on this frequency. 
To the terminals of the klystron is connected 

on the other hand a line 21 which may have any 
time of propagation but which will be assumed 
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to have the same attenuation at the various fre 
quencies as the line 23. Finally, said line 21 is 
connected to a second frequency-changer crys 
tal 28 in series with a circuit 29 which is also 
tuned to the frequency fq. 
The operation of the arrangement can then 

be explained as follows: 
By suitably choosing the characteristic im 

pedance of the quarter-wave element 24, it is 
possible to match the mean resistance of the de— 
tector 25 with the line 23 so that when, by the 
action of the modulation applied at 26, its re 
‘sistance varies from the “direct resistance” value 
to the “inverse resistance” value, the coei?cients 
of re?ection introduced at the joint 23, 24 by 
the bad matching assume values which are sub 
stantially equal but of opposite signs. For the 
case of the direct resistance there will be a re~ 
?ection which is in phase, and for the case of 
the inverse resistance a reflection in phase op 
position. This will produce a more or less com 
plete modulation of the incident wave and the 
carrier is theoretically eliminated. 
Assuming a conversion loss of 10 db. for ex 

ample, it can be seen that the crystal 25 receives 
the frequency of the klystron 2i with a delay 

2 

and attenuated by 39><0.5=19.5 db, i. e. the abso 
lute level ~29.5 db. The frequency-change will 
produce a beat on 3,900—-3,600=300 mc./s. and 
this beat will be found again at the joint be 
tween 23 and 27, attenuated by 3><O.5=1.5 db. 
The absolute level at this point on this frequency 
will therefore be ~29.5—10—1.5=—41 db for 1 
watt. 
However, this will only be true if the loop 22 

does not by-pass this frequency. It is therefore 
necessary to give to said loop such a dimension 
that it corresponds for example to a quarter wave 
at 300 mc./s. 
At the location of the detector 28, the 300 mc./s. 

beat will be further attenuated by an additional 
1.5 db, i. e. the absolute level —42.5 db whereas the 
wave of the klystron will reach the detector 23 as 
it reached 25, with the level -—29.5 db. 
The difference of 13 db is due to the conversion 

losses at 25 estimated to be 10 db and to the total 
attenuation of 23 and of 21 at the beat frequency. 
At the terminals of 29 the wave of frequency fq 

will be obtained phase-modulated. 
It will be seen on the other hand that if the 

reasoning is applied to the other heat which is 
supplied by 25 and the mean frequency of which 
is 3,900+3,600=7,500 1nc./s., the level obtained 
at 28 will be 72‘ db below, the attenuation along 23 
and 27 for this wave being 75 db instead of 3 
(ratio between the frequencies ‘7,500 ‘and 300). 
It will also be noted that the direct frequency fq 
is not transmitted to the frequency-changer 28 
owing to an attenuation of 36 db introduced on 
that frequency by the lines 23 and 21 and to the 
fact that the loop 22 behaves for said frequency 
as a short-circuit (l2 quarter-waves). 
This gives rise to the additional condition that 

it is advantageous for the beat frequency to be an 
even submultiple of the frequency )‘q. 

Finally, it may be assumed that a little of the 
voltage at the frequency of the klystron, which is 
returned from. 25 owing to a de?cient elimination 
of the carrier in the ?rst frequency-changer, 
reaches the joint between 23 and 21. This residue 
is also highly attenuated owing to the charac 
teristics of the cable. 
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Although it is not shown, it is also advantageous 
to connect between 21 and 28 a matching ele~ 
ment such as 24 in respect of 25, if the crystal 
is not of the suitable impedance. 

It can be seen on the other hand that the line 
27!, which is not essential, is very useful for pro 
ducing an additional selective attenuation. This 
line, the delaying action of which does not per 
form any function and only the attenuating ac 
tion of which is used, may be very short as com 
pared with the line 23 if it is systematically pro~ 
vided in the form of a section of high-loss dielec~ 
trio cable. 
Of course, neither the embodiment of Fig. 2, 

nor the numerical example chosen, are of a re— 
Strictive nature. Any arrangement which is sim 
ilar to the object of the invention and in which, 1 
in order to reduce the size of the retardation line, 
the frequency-modulated wave from the gen 
erator is passed a ?rst time in one direction 
through said line and this same wave, after un 
dergoing a frequency-change, is passed a second 
time through this line, falls within the scope of 
the invention. 
What I claim is: 
1. An arrangement for hyperfrequency trans 

mission, comprising a source of undelayed fre 
quency-modulated waves, a source of quartz 
stabilized unmodulated waves having a frequen~ 
cy different from the mean frequency of the un— 
delayed frequency-modulated waves, a delay 
member, a ?rst frequency-changer, means for en 
abling said ?rst frequency-changer to receive, on 
the one hand the frequency-modulated waves 
after the same have passed through said delay 
member, and on the other‘ hand the quartz 
stabilized unmodulated waves, so as to produce 
beat waves, a second frequency-changer, means 
for enabling said second frequency-changer to 
receive, on the one hand the heat waves after the 
same have passed through the said delay mem 
her, and on the other hand the undelayed fre 
quency-modulated waves, so as to produce phase 
modulated waves having the quartz-stabilized 
frequency as a carrier. 

2. Arrangement as claimed in claim 1, said 
frequency-changers including crystals. 

3. Arrangement as claimed in claim 1, said de 
lay member being designed as a retardation line. 

4. An arrangement for hyperfrequency trans 
missions, comprising a source of undelayed fre 
quency-modulated waves, a source of quartz-sta 
bilized unmodulated waves having a frequency 
different from the mean frequency of the unde 
layed frequency-modulated waves, a retardation 
line, a ?rst frequency-changer, an impedance 
matching device interposed between said retarda 
tion line and said ?rst frequency-changer, means 
for enabling said ?rst frequency-changer to re 
ceive, on the one hand the frequency-modulated 
waves after the same have passed through said 
retardation line and said impedance matching 
device, and on the other hand the quartz-sta 
bilized unmodulated waves, so as to produce beat 
waves, a second frequency-changer, means for 
enabling said second frequency-changer to re 
ceive, on the one hand the beat waves after the 
same have passed through said retardation line, 
and on the other hand the undelayed frequency 
modulated waves, so as to produce phase 
modulated waves having the quartz-stabilized 
frequency as a carrier. 

5. Arrangement as claimed in claim 4, said im 
pedance matching device being designed as a sec 
tion of coaxial line having a characteristic im 
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pedance different from that of said retardation 
line, and a length corresponding to a quarter-wave 
at the mean frequency of the frequency-modu 
lated waves. 

6. An arrangement for hyperfrequency trans 
missions, comprising a source of frequency-modu 
lated waves, a source of quartz-stabilized unmodu 
lated waves having a frequency different from the 
mean frequency of the modulated waves, a re 
tardation line, a first frequency-changer, an im 
pedance matching device interposed between said 
retardation line and said ?rst frequency-changer, 
means for enabling said ?rst frequency-changer 
to receive, on the one hand the frequency-modu 
lated waves after the same have passed through 
said retardation line and said impedance match 
ing device, and on the other hand the quartz 
stabilized unmodulated waves, so as to produce 
beat waves, a second frequency-changer, an at 
tenuating member, means for enabling the second 
frequency-changer to receive, on the one hand 
the beat waves obtained from the ?rst frequency 
changer after the same have passed through said 
retardation line, and on the other hand the un 
delayed original modulated waves, after both the 
beat waves and the original unmodulated waves 
have passed through said attenuating member, 
and means for collecting the waves issued from 
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said second frequency-changer, the collected 
waves being phase-modulated and having a car 
rier-frequency being equal to the frequency of the 
quartz-stabilized source. 

'7. Arrangement as claimed in claim 6, said at 
tenuating member being designed as a coaxial line 
section attenuating waves passing through the 
same proportionally to the frequencies thereof. 

8. Arrangement as claimed in claim 6, and a 
loop coupling said source of frequency-modulated 
waves to said retardation line, the length of said 
loop corresponding to a quarter wave at the small 
est beat frequency obtained from said ?rst fre 
quency-changer. 

9. Arrangement as claimed in claim 6, the dif 
ference between the mean frequency of the fre 
quency-modulated waves and the frequency of the 
quartz-stabilized waves being an even sub 
multiple of the latter frequency. 
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